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(54) POLYESTER RESIN COMPOSITION AND ITS PRODUCTION 

(57)Abstract: ' 

PURPOSE: To obtain the title composition which is excellent in moldability and can give a molding excellent in mechanical 
properties such as impact resistance, heat resistance and appearance and suitable as, e.g., a material for automobile outside 
sheets, by mixing a thermoplastic polyester resin with a polar polyolefin, an amine compound and a metal salt of an organic acid. 
CONSTITUTION: 100 pts.wt. crystalline thermoplastic polyester resin (A), for example, polyethylene terephthalate or a 
copolymer having at least 80mol% ethylene terephthalate repeating units is mixed with 1 W100 pts.wt. polyolefin (B) containing 
0.01 W20wt.% polar groups such as carboxyl, carboxylic acid anhydride or epoxy groups and having an intrinsic viscosity of 
0.05W30dl/g (in decalin at 135°C), 0.01 W10 pts.wt. amine compound (C) having at least one prim, or sec. amino group in the 
molecule (e.g., propylamine or aniline), 0.01 W20 pts.wt. metal salt (D) of an organic acid such as salt of an ethylene/methacrylic 
acid copolymer and, optionally, 0.01 W20 pts.wt. plasticizer (E) such as diethylene glycol dibenzoate, and the obtained mixture is 
melt-kneaded. 
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POLYESTER RESIN COMPOSITIONS AND PREPARATION METHOD THEREOF 
[Poriesuteru jushiso seibutsu oyobi sonoseizo hoho] 



Inventors: 



Applicant: 



Toshiyuki Hirose and 
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[There are no amendments in this patent] 

Claims 

1. Polyester resin compositions, characterized by comprising (i) 100 parts by weight of a 
thermoplastic polyester resin, (ii) 1-100 parts by weight of a polar group-containing polyolefin, 
(iii) 0.01-10 parts by weight of an amine compound, and (iv) 0.01-20 parts by weight of a metal 
salt of an organic acid. 
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2. A method for preparing polyester resin compositions, characterized in that the 
compositions are obtained by adding 1-100 parts by weight of a polar group-containing 
polyolefin (ii) to 100 parts by weight of a thermoplastic polyester resin (i), kneading, adding 
0.01-10 parts by weight of an amine compound (iii) and 0.01-20 parts by weight of a metal salt 
of an organic acid (iv) and kneading. 

Detailed explanation of invention 
Technical field of invention 

The present invention relates to thermoplastic polyester resin compositions which have 
satisfactory formability and excellent appearance, which moreover give molded articles having 
excellent mechanical properties such as impact resistance, and their method of preparation. 

Technical background of the invention and problem therein 

Polyester resins have excellent mechanical properties, electrical properties, heat 
resistance, chemical resistance, and the like, and have been used in many industrial products. 
However, these polyester resins have such problems as having inferior impact resistance, 
especially notched impact strength, and poor formability, and many methods for improvement 
have been proposed in the past. For example, a method of blending a polyester resin with an 
epoxy monomer grafted substance of an ethylene-a-olefin copolymer is disclosed in Japanese 
Kokai Patent Sho 60[1985]-40154, and a method of blending a polyester resin with a glycidyl 
group-containing copolymer comprising an ot-olefin and an oc,P-unsaturated acid glycidyl ester 12* 
and ethylene-a-olefin copolymer is disclosed in Japanese Kokai Patent Sho 58[1983]-17148. 
Furthermore, a method of a blending a polyester resin with an alicyclic carboxylic acid-modified 
olefin elastomer is disclosed in Japanese Kokai Patent Sho 58[1983]-38747, and in polyester 
resin compositions obtained by these methods, the impact resistance is fairly improved. 

However, the formability is not improved in the polyester resin compositions disclosed in 
the aforementioned patents. Namely, in polyester resins such as polyethylene terephthalate, the 
crystallinity becomes nonuniform between the surface and inner part of molded articles due to 
the crystallization rate being slow so that the appearance, mechanical properties, dimensional 
stability and shape stability are deteriorated. Furthermore, products having satisfactory heat 
resistance cannot be obtained since the crystallization is not sufficiently carried out. Thus, 
polyester resin compositions obtained by blending a nucleation agent and a plasticizer have been 
proposed to improve the formability of polyethylene terephthalate. For example, in Japanese 
Kokai Patent Sho 58[1983]-2 17547, polyester resin compositions comprising polyethylene 



* [Numbers in the right margin indicate pagination of the original text.] 
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terephthalate, an inorganic filler, a sodium or potassium salt of olefin-acrylic acid or methacrylic 
acid copolymer as the nucleation agent, and an alcohol ester of an aliphatic carboxylic acid as the 
plasticizer are proposed. Those polyester resin compositions are surely excellent in formability, 
but the surface becomes coarse due to the compositions containing inorganic filler and thus the 
compositions are not fit for uses requiring excellent appearance. Further, even when the 
nucleation agent and plasticizer disclosed in Japanese Kokai Patent Sho 58[1983]-2 17547 are 
used for the aforementioned compositions comprising a polyester and modified olefin elastomer, 
only compositions having low impact strength are obtained. 

The present inventors found a method effective for improvement of the drawbacks of 
polyester resin, kneading a polyester resin with a known polyester resin reforming component, 
and its technique was disclosed in Patent Application Sho 61[1986]-274154. However, obtaining 
a polyester resin having an even higher impact strength has been desired, depending on the use. 

Purpose of the invention 

The present invention intends to solve the problems accompanied with the 
aforementioned prior art, and the purpose of the present invention is to provide thermoplastic 
polyester resin compositions which have satisfactory formability and excellent appearance, 
which moreover give molded articles having excellent mechanical properties such as impact 
resistance. 

Outline of the invention 

The polyester resin compositions of the present invention are characterized in that the 
compositions comprise (i) 100 parts by weight of a thermoplastic polyester resin, (ii) 1-100 parts 
by weight of a polar group-containing poly olefin, (iii) 0.01-10 parts by weight of an amine 
compound, and (iv) 0.01-20 parts by weight of an organic acid metal salt. 

Further the method for preparing the polyester resin compositions is characterized in that 
the compositions are obtained by adding 1-100 parts by weight of a polar group-containing 
polyolefin (ii) to 100 parts by weight of a thermoplastic polyester resin (i), kneading, adding 
0.01-10 parts by weight of an amine compound (iii) and 0.01-20 parts by weight of a metal salt 
of an organic acid (iv) and kneading. 

In the present invention, thermoplastic polyolefin resin compositions having satisfactory 
surface properties and improved impact resistance, heat resistance and formability are obtained 
since an amine compound and an organic acid metal salt are added to the polyester resin 
compositions and a specified kneading method is used. 



Detailed explanation of the invention 

Hereinafter, each component of the thermoplastic polyester resin composition and its 
preparation method are explained in more detail. 

Thermoplastic polyester resin 

The thermoplastic polyester compositions to be used in the present invention are mainly 
based on polyethylene terephthalate, but its terephthalic acid component or diol component may 
be partially replaced by other copolymer components. As such copolymer components, 
Afunctional dicarboxylic acids such as isophthalic acid, naphthalenedicarboxylic acid, 
4,4-diphenoxyethanecarboxylic acid, adipic acid, sebacic acid, cyclohexanedicarboxylic acid, 
and the like can be used, and as diol components, ethylene glycol, trimethylene glycol, 
tetramethylene glycol, hexamethylene glycol, polyethylene glycol, polyprolyene glycol, 
polytetramethylene glycol, polyethylene glycol, copolyglycol of polyethylene glycol and 
polypropylene glycol, and the like can be used. The polyester resin (i) to be used in the present 
invention may be a mixture of two or more of the aforementioned polyester resins. 

The preferable polyester is polyethylene terephthalate or a crystalline thermoplastic 
polyester having 80 mol% or greater ethylene terephthalate repeating units. 

(iv) Polar group-containing polyolefin 

The polar group-containing polyolefin to be used in the present invention is a polyolefin 
having at least one polar group selected from the carboxyl group, carboxylic anhydride group 
and epoxy group. Polar group-containing polyolefins can be prepared by copolymerizing vinyl 
monomer having carboxyl groups or its anhydride in the molecule or vinyl monomer having 
epoxy groups in the molecule with olefin monomer or graft copolymerizing the aforementioned 
vinyl monomer to olefin polymer, or a method of introducing epoxy groups into the double 
bonds existing in a polydiene such as polybutadiene, polyisoprene, and the like by oxidizing 
according to a known method. 

As the carboxyl group-containing monomer to be used when carboxyl groups are 
introduced into the polyolefin, unsaturated carboxylic acids such as acrylic acid, methacrylic 
acid, maleic acid, fiimaric acid, itaconic acid, citraconic acid, tetrahydrophthalic acid, 
bicyclo[2,2,l]hept-2-ene-5,6-dicarboxylic acid, and the like and unsaturated carboxylic 
anhydrides such as maleic anhydride, itaconic anhydride, citraconic anhydride, 
tetrahydrophthalic anhydride, bicyclo[2,2,l]hept-2-ene-5,6-dicarboxylic anhydride and the like 
can be exemplified, but maleic anhydride and fiimaric acid are especially preferred. 
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Further, the aforementioned maleic anhydride, itaconic anhydride, citraconic anhydride, 
tetrahydrophthalic anhydride, bicyclo[2,2,l]hept-2-ene-5,6-dicarboxylic anhydride and the like 
are used for introduction of carboxylic anhydride groups into polyolefm. 

As vinyl monomers having epoxy groups in the molecule, which are used in the 
introduction of epoxy groups into the polyolefm, glycidyl acrylate, glycidyl methacrylate, 
monoglycidyl itaconate, diglycidyl butene dicarboxylate, monoglycidyl butene dicarboxylate, 
2-methylallyl glycidyl ether, vinyl glycidyl ether, 3,4-epoxybutene, 

3,4-epoxy-3 -methyl- 1 -butene, vinylcyclohexene monoxide, p-glycidylstyrene, and the like are 
exemplified, but glycidyl methacrylate is preferred. 

As the olefin polymer, which becomes the base for the polar group-containing polyolefm, 
noncrystalline to low crystalline or crystalline olefin polymers comprising, as the principal 
component, an a-olefin such as ethylene, propylene, 1 -butene, 1-pentene, 4-methyl-l-pentene, 
1-hexene, 1-octene, 1-decene, 1-dodecene, 1-tetracene, 1 -tetradecene, 1 -hexadecene, 

1- octadecene, 1-eicocene, etc., or polymers obtained by random copolymerization, graft 
copolymerization or addition copolymerization, in addition to the aforementioned a-olefin 
component, of a small amount of diene component such as butadiene, isoprene, 1,4-hexadiene, 
5-ethylidene-2-norbornene, 5-vinyl-2-norbornene, and the like, an acrylic ester such as vinyl 
acetate, acrylic acid (salt), methacrylic acid (salt) glycidyl acrylate, ethyl acrylate, and the like, 
methacrylic ester such as glycidyl methacrylate, ethyl methacrylate, and the like, unsaturated /4 
carboxylic acids such as maleic acid, maleic anhydride, maleic ester, 

2- norbornene-5,6-dicarboxylic acid, 2-norbornene-5,6-dicarboxylic anhydride, and the like or its 
derivative component, a nitrile component such as acrylonitrile, methacrylonitrile, and the like, 
or a halogen such as chlorine, bromine, iodine, and the like, are used. 

Furthermore, a homopolymer or copolymer of dienes such as butadiene, isoprene, and the 
like or their hydrides can be used as the olefin polymers. 

As the noncrystalline to low crystalline polymers among olefin polymers, the following 
may be mentioned: ethylene-propylene copolymer, ethylene- 1 -butene copolymer, 
ethylene- 1-hexene copolymer, propylene- 1 -butene copolymer, 

propylene- l-butene-4-methyl- 1-pentene copolymer, l-hexene-4-methyl- 1-pentene copolymer, 
ethylene-propylene-dicyclopentadiene copolymer, 
ethylene-propylene-5-ethylidene-2-norbornene copolymer, 

ethylene-propylene-5-vinyl-2-norbornene copolymer, ethylene-propylene- 1 ,4-hexadiene 
copolymer, ethylene- 1-butene-dicyclopentadiene copolymer, 

ethylene- 1 -butene-5-ethylidiene-2-norbornene copolymer, ethylene- 1 -butene- 1 ,4-hexadiene 
copolymer, polybutadiene and its hydride, polyisoprene and its hydride, and the like. 
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Further, as crystalline olefin polymers, the following may be mentioned: polyethylene, 
polypropylene, poly-l-butene, poly-4-methyl-l-pentene, ethylene-propylene copolymer, 
ethylene- 1-butene copolymer, ethylene-4-methyl-l-pentene copolymer, ethylene- 1-hexene 
copolymer, ethylene- vinyl acetate copolymer, ethylene-acrylic acid (salt) copolymer, 
ethylene-methacrylic acid (salt) copolymer, ethylene-glycidyl acrylate copolymer, 
ethylene-glycidyl methacrylate copolymer, ethylene-maleic acid copolymer, ethylene-maleic 
anhydride copolymer, and the like. 

Furthermore, as the olefin polymers, olefin polymers prepared by graft copolymerizing 
the aforementioned olefin polymers with unsaturated carboxylic acids or their derivatives such as 
acrylic acid, methacrylic acid, methacrylic ester, maleic acid, maleic anhydride, 
2-norbornene-5,6-dicarboxylic anhydride, may also be mentioned. 

The content of polar groups in the polar group-containing polyolefin is generally 
0.01-20 wt% although it also varies widely with the type of vinyl monomer being used. 

When the content of polar groups is less than 0.01 wt%, the effect of improving the 
impact resistance by the polar group-containing polyolefins is insufficient. On the other hand, 
when it exceeds 20 wt%, the impact strength after adding nucleation agent tends to be lowered. 

The limiting viscosity [r|], measured in Decalin at 35°C, of the olefin polymers is 0.05-30 
dL/g, preferably 0.1-25 dL/g. 

In the present invention, the aforementioned polar group-containing polyolefins and 
polyolefins containing no polar groups can be mixed and used. 

Amine compounds (iii) 

The amine compounds to be used in the present invention have one or more primary 
amino groups or secondary amino groups in the molecule. As such amine compounds, aliphatic 
primary amines such as propylamine, isopropylamine, butylamine, hexylamine, 
cyclohexylamine, and the like, aromatic primary amines such as aniline, toluidine, xylidine, and 
the like, secondary amines such as dimethylamine, diethylamine, dipropylamine, 

diisopropylamine, dibutylamine, dipentylamine, dicyclohexylamine, biperidine, methylaniline, /5 
and the like, polyamines such as ethylenediamine, hexamethylenediamine, diethylenetriamine, 
triethylenetetramine, and the like, and alkanolamines such as ethanolamine, propanolamine, and 
the like can be used, but aliphatic primary amine and aliphatic secondary amine are preferred 
since those do not damage the formability of polyester resin compositions. 

The impact strength of the polyester resin compositions can be further improved by 
mixing with the aforementioned amine compounds. 
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Metal salts of organic acids 

The organic acid metal salts to be used in the present invention are added to accelerate 
the crystallization rate of polyesters. Namely, it is thought that the organic acid metal salts 
contribute to the formation of crystal nuclei of polyesters. 

As organic acids forming organic acid metal salts, for example, formic acid, acetic acid, 
stearic acid, montanic acid, oleic acid, linoric acid, oxalic acid, phthalic acid, isophthalic acid, 
terephthalic acid, tartaric acid, salicylic acid, benzoic acid, carbonic acid and the like are used, 
and benzoic acid among those is preferably used. Further, as metals forming salts, sodium, 
potassium, calcium, magnesium, barium, and zinc can be exemplified. Further, as organic acid 
metal salts, sodium, potassium, calcium and zinc salts of copolymers of olefin or styrene with 
acrylic acid or methacrylic acid are used. The latter are preferred. These organic acid metal salts 
may be used alone or in combination of two or more. 

Mixing ratio of each component 

In the polyester resin compositions of the present invention, each component is mixed at 
the following ratio per 100 parts by weight of thermoplastic polyester resin (i). 

Polar group-containing polyolefm (ii) 

1-100 parts by weight and preferably 3-90 parts by weight. 

When the content of the polar group-containing polyolefin is less than 1 part by weight 
per 100 parts by weight of the thermoplastic polyester resin, the impact resistance of polyester 
resin compositions is not improved much. On the other hand, when it exceeds 100 parts by 
weight, the mechanical properties of the polyester resin compositions degrade, which is not 
desired. 

Amine compounds (iii) 

0.01-10 parts by weight and preferably 0.01-7 parts by weight, further preferably 
0.05-5 parts by weight. 

When the content of the amine compound is less than 0.01 parts by weight per 100 parts 
by weight of the thermoplastic polyester resin, the impact resistance of the polyester resin 
compositions is not improved much. On the other hand, when it exceeds 100 parts by weight, the 
mechanical properties of the polyester resin compositions degrade, which is not desired. 

Metal salts of organic acids (iv) 

0.01-20 parts by weight and preferably 0.1-10 parts by weight. 
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When the amount of organic acid metal salt is less than 0.01 parts by weight per 100 parts 
by weight of thermoplastic polyester resin, the effect of accelerating the crystallization rate of 
polyester tends to decrease. On the other hand, when it exceeds 20 parts by weight, the 
mechanical properties or heat resistance of the thermoplastic polyester resin compositions tend to 
decrease, which is not desired. 

Other components 

The polyester resin compositions of the present invention may be mixed with various 
inorganic or organic compounds such as plasticizers, oxidation preventing agents, UV absorbents 
as stabilizer, lubricants, flame retardants, coloring agents, mold releasing agents, glass fiber, talc 
as filler and the like if necessary in addition to the aforementioned components. 

As plasticizers, esters of aliphatic alcohols and carboxylic acids, concretely 
di(2-ethylhexyl) adipate, di-n-butyl adipate, poly (butadiene- 1, 3 -diol adipate), 
poly(hexane-l,6-diol adipate) montanic ester, p-phenyl alkylsulfonate, diethyl glycol dibenzoate, 
neopentyl glycol dibenzoate, pentaerythritol dibenzoate, thiodiethanol dibenzoate, and the like 
are used. The mixing amount of the plasticizer is generally 0.01-20 parts by weight and 
preferably 0. 1-10 parts by weight per 100 parts by weight of polyester resin. 

Further, the polyester resin compositions of the present invention may be mixed with a 
polyolefin containing no polar groups. 

Preparation method 

The polyester resin compositions of the present invention can be prepared by melt 
kneading (i) a thermoplastic polyester resin and (ii) a polar group-containing polyolefin, adding 
(iii) an amine compound and (iv) a metal salt of an organic acid, and melt kneading as explained 
above. Although the order of addition of (iii) the amine compound and (iv) metal salt of an 
organic acid is not particularly restricted, it is preferred to add first the amine compound to the 
melt kneaded mixture of (i) thermoplastic polyester resin and (ii) polar group-containing 
polyolefin and then (iv) the organic acid metal salt. 

If the aforementioned 4 components, (i), (ii), (iii) and (iv), are kneaded by other methods, 
the impact resistance of polyester resin is not improved. 

In the present invention, first (i) thermoplastic polyester resin and (ii) polar 
group-containing polyolefin must be melt kneaded, then (iii) amine compound and (iv) organic 
acid metal salt must be added, and it may be due to the following reason. 

According to the study by present inventors, the aforementioned 4 components react 
mutually in the melt kneading process, particularly the reaction between (i) thermoplastic 
polyester resin and (ii) polar group-containing polyolefin improves the dispersibility of (ii) in (i) 
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to improve the impact resistance of the compositions. However, it was found that the reaction 
between (ii) polar group-containing polyolefm and (iv) organic acid metal salt crosslinks (i) and 
hinders the dispersibility of (ii) in (i). Namely, to obtain compositions having excellent impact 
resistance by kneading the aforementioned 4 components, first (i) and (ii) are reacted by melt 
kneading, and then (iv) is added to prevent the reaction between (ii) and (iv). However, it was 
comprehended that even when (i) and (ii) are reacted in advance sometimes little reactant residue 
remains, and this residue also reacts with (iv) and it becomes a hindering factor for the 
dispersibility of (ii). 

Various additives for inactivating the reactant residue were investigated to find that (iii) 
amine compounds are effective. Namely, it is thought that (iii) the amine compound reacts with 
the reaction residue of (ii) to make (ii) inactive. 

Kneading in the preparation method of present invention compositions can be carried out 
by a known method. For example, it is kneaded in extruder, kneader, or Banbury mixer. 

A practical method of charging (i) thermoplastic polyester resin and (ii) polar 
group-containing polyolefin into an extruder hopper and feeding (iii) and (iv) to the cylinder of 
the extruder is preferred. 

Effect of the invention 

Polyester resin compositions obtained by the present invention can be easily molded by a 
conventional method such as injection molding, extrusion molding, and the like, particularly 
even when a mold at 130°C or lower is used in injection molding, molded articles having 
satisfactory appearance and excellent mechanical properties can be obtained. The polyester resin 
compositions of the present invention can be used for various applications by various modes, but 
the compositions are suitable especially in the fields requiring impact resistance, high rigidity, 
and high heat resistance, for example, as automobile outer sheet materials. 

Hereinafter, the present invention is explained by application examples, but the present 
invention is not limited to those application examples only. 

Application Examples 1-6 

[I] Method of preparing composition 

Polyethylene terephthalate with an intrinsic viscosity of 0.65 dl/g, a polar 
group-containing polyolefin, which was prepared by the reference example explained below, and 
optionally EBR were mixed as shown in Table 1, fed to a twin-screw extruder kept at 260°C and 11 
pelletized. The resulting pellets were dried in a vacuum drier, mixed with n-hexylamine, and 
kneaded in the extruder. Furthermore, the sodium salt of ethylene-methacrylic acid copolymer 
with a neutralization degree of 60% (ethylene/methacrylic acid weight ratio = 85/15) and 
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diethylene glycol dibenzoate as a plasticizer were added, and the mixture was again extruded in 
the extruder at 250°C. The resulting pellets were injection molded under conditions of a cylinder 
temperature of 260°C and a mold temperature of 120°C (successive blending method). 

Furthermore, the results of a polyethylene terephthalate composition obtained by dry 
blending the components in Table 1 in a lump and extruding method (lump blending method) are 
shown as Comparative Example 1 of Table 1. 

[Ill] Method of preparing polar group-containing polyolefin 
Reference Example 1 

100 parts by weight of ethyl ene-butene copolymer with an ethylene content of 85 mol% 
and a melt index at 190°C of 3.60 g/10 min, 1 part by weight of maleic anhydride, and 0.06 part 
by weight of 2,5-dimethyl-2,5-di(tert-butylperoxy)hexine-3 were mixed, fed to a single screw 
extruder of 25 mm L/D=28, and extruded at 250°C to obtain maleic anhydride-modified 
ethylene-butene copolymer (hereinafter abbreviated as modified EBR). The modified EBR was 
dissolved in xylene, reprecipitated with acetone and dried and the amount of maleic anhydride 
grafted was measured by the titration method. It was 0.45 wt%. 

Reference Example 2 

Glycidyl methacrylate grafted EBR was obtained by the same manner as in Reference 
Example 1 except that maleic anhydride was replaced with glycidyl methacrylate. The amount of 
glycidyl methacrylate grafted was 0.50 wt%. 

Reference Example 3 

Bond Fast E R , Sumitomo Chemical Industry Co., was used as the ethylene-glycidyl 
methacrylate copolymer. 

[II] Method of evaluating compositions 

MFR: MFR was measured in accordance with ASTM D-1238. 

Flexural modulus (FM) and flexural strength (FS): FM and FS were measured in 
accordance with ASTM D-790-80 using a 1/8" thick test piece. 

Izod impact strength (IZ): IZ was measured in accordance with ASTM D- 256 using a 
1/8" thick notched test piece. 

Heat distortion temperature (HDT): HDT was measured by ASTM D-256 under the 
condition of a load of 66 PSI. 

Crystallization rate (AHn/AH c ): It was measured using a differential scanning 
calorimeter (DSC). 
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A sample was put into a 1 mm thick mold, pressed at 290°C and 60 kg/cm 2 , and cooled 
with water to obtain a press sheet. DSC measurement was carried out under the condition of 
heating a sample of about 10 mg taken from the center of the press sheet to 290°C at a heating 
rate of 10°C/min, keeping it at 20°C for 10 min and cooling at 10°C/min. Thermal value AHn, 
obtained from peak area at crystallization temperature during heating by the obtained heat value 
curve and thermal value AHc obtained from peak area at crystallization during cooling were 
measured. The AHn/AHc thus obtained is an index showing easiness of crystallization, and it 
shows that the smaller the value the easier the crystallization of polyester. 
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Key: 1 Application Example 

2 Mixing 

3 Polyethylene terephthalate (parts by weight) 

4 Polar group- containing polyolefin 

5 Type # 

6 Polar group content (wt%) 

7 Mixing amount (parts by weight) 

8 Polymer in Reference Example 1 

9 Polymer in Reference Example 2 

10 Polymer in Reference Example 3 

1 1 EBR (parts by weight) 

1 2 n-Hexylamine (parts by weight) 

13 Nucleation agent (parts by weight) 

14 Plasticizer (parts by weight) 

1 5 Blending method 

16 Successive blending 

1 7 Notched IZ at 23°C (kg-cm/cm) 

18 Appearance 

1 9 Comparative Examples 



